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mals and humans are considered a potential marker of nutritional status and as a risk factor for adult diseases in mammals (GODFREY & BARKER 2000) . The status of polyunsaturated fatty acids (PUFA) in humans was shown to be correlated with growth rate in early life, and their role in growthpromoting effects is ascribed to cellular membrane lipid formation, gene expression regulation, and eicosanoids synthesis (KOLETZKO & BRAUN 1991) . A dietary deficiency of essential fatty acids (EFA) may cause a low birth weight and slow growth rate in early life leading to decreased bone mineral density (BMD) and bone mineral content (BMC) in the axial and peripheral skeleton in adulthood and higher risk for bone fracture in the elderly (ROBILLARD & CHRISTON 1993; COOPER et al. 1995 COOPER et al. , 1997 COOPER et al. , 2001 ). Protein deficiency during early development in rats reduces the activity of fatty acid metabolism enzymes -desaturases, impairing the biochemical conversion of EFA to PUFA. A deficiency of EFA and a reduction of their intake were observed in malnourished children and are considered to be the cause of poor fetal growth (HOLMAN et al. 1981; ROBILLARD & CHRISTON 1993) . Dietary fatty acids (FA) may influence the bone tissue metabolism directly by eicosanoids synthesis or indirectly via the regulation of a systemic hormone release like the insulin-like growth factor 1 (IGF-1) (WATKINS et al. 2001; KOROTKOVA et al. 2005) . Prostaglandin E 2 (PGE 2 ) is a major prostaglandin which affects the bone tissue metabolism and is synthesized from arachidonic acid. Low levels of PGE 2 stimulate bone formation processes, while higher levels accelerate bone resorption processes. Similar bone resorption effects are induced via leukotriene B 4, being another arachidonic acid metabolite (RAISZ & FALL 1990; GARCIA et al. 1990; TAKIGUCHI et al. 1999; KOROTKOVA et al. 2005) . It was shown in rats, that a reduced dietary ratio of n-6:n-3 PUFA decreases PGE 2 synthesis and increases bone formation processes (WATKINS et al. 2000) . A diet enriched with n-3 fatty acids was shown to prevent ovariectomy-induced osteopenia and osteoporosis development (SAKAGUCHI et al. 1994) .
The silver fox (Vulpes vulpes) is a domesticated animal bred mainly for its valuable fur. The precise formulation and individual administration of caged, farm foxes' diets is relatively easy to perform during their whole breeding cycle and provides the possibility for investigations of the biological effects of experimental dietary manipulations in monogastric living animals, both prenatally and postnatally. Moreover, farm foxes are kept in the same environmental conditions for a longer period of time in a relatively large population of animals, when compared to laboratory animals such as mice, rats, or even experimental dogs.
Due to the obligatory slaughter procedure at the end of the production cycle, nutritional experiments on farm foxes may be an attractive, ethical alternative to experimenting on dogs and could reduce the number of dogs that would need to undergo euthanasia for experimental purposes (£USZCZEWSKA-SIERAKOWSKA et al. 2019) .
Considering the importance of fatty acids for optimal growth and development of the skeletal system and its homeostasis maintenance, the aim of this study was to determine the serum content of the fatty acids in male and female, 8-month-old, farmed silver foxes. As diagnosed in previous investigations using quantitative computed tomography (QCT), silver foxes possess closed growth plates in their long bones at this developmental stage, indicating their recent skeletal maturity attainment. Thus, the possible existence of a relationship between serum fatty acid concentrations and the morphological, densitometric, and mechanical properties of the skeletal system, as well as biochemical bone metabolism markers were determined.
Materials and Methods
The experimental procedures used in this study were approved by The Local Ethics Committee on Animal Experimentation of the University of Life Sciences in Lublin, Poland (permission number 20/2015).
Experimental design and sampling procedure
The study was performed on 8-month-old male (N = 7) and female (N = 8) silver foxes (Vulpes vulpes) kept on a commercial farm. The animals were kept in pens under standard rearing conditions. Weaning was performed at the age of 10 weeks. The foxes were housed two to a cage (1.0 x 1.1 m). All animals were provided with drinking water ad libitum and were fed a standard diet twice a day. The diet was identical for males and females and was based mainly on animal-origin waste products enriched with a vitamin-mineral premix (TATARA et al. 2018) . At the age of 8 months, the animals were slaughtered and blood samples (fasted state) were collected for serum content. After clotting and further centrifugation, the serum samples were kept frozen in 1.5 ml tubes at -25°C until biochemical analysis.
Determination of serum fatty acids composition
The serum samples were thawed immediately before analysis. 0.5 ml of serum sample was placed in amber glass tubes and 5 ml of chloroform-me-thanol (2:1) solution was added. The tubes containing the samples were shaken for 3 h, and then centrifuged at 2000 rpm for 20 min. Afterwards an aliquot of the chloroform-methanol extract was transferred into 4 ml amber glass tubes and dried under a stream of nitrogen gas. The dried samples were next dissolved in 0.4 ml of 0.5 M potassium methoxide-methanol solution then 0.5 ml of the 14% boron trifluoride-methanol solution was added. After 35 min of incubation, the fatty acid methyl esters were determined using gas chromatography and a Clarus 600 apparatus (PerkinElmer, USA) equipped with a capillary column 60 m GC-Column Elite-5MS, 0.25 internal diameter and 0.25 ìm film thickness (PerkinElmer, USA). Several fatty acids were identified by comparison of the retention times of those of a standard FAME mixture C4-C24 (SUPELCO 37 Component FAME Mix, SIGMA-ALDRICH Co.) and expressed as a percent of the total fatty acids (KUSUNOKI et al. 2007; PO£AWSKA et al. 2013; MAJEWSKA et al. 2016) .
Determination of bone metabolism markers in serum
The serum's concentration of osteocalcin (OC) was measured in ng/ml using a N-MID ® Osteocalicin ELISA kit (Immunodiagnostic Systems Ltd., Boldon, Tyne & Wear, UK), while the quantitative determination of C-terminal propeptide of type I procollagen (CICP) in ng/ml was performed using a MicroVue CICP EIA Kit Bone Health (Quidel Corp., San Diego, CA, USA). The serum's concentration of C-terminal telopeptides of type I collagen (CTX-I) was measured in ng/ml using a Serum CrossLaps ® ELISA kit (Immunodiagnostic Systems Ltd., Boldon, Tyne & Wear, UK). The evaluation of biochemical bone metabolism markers in the serum was performed using a Benchmark Plus microplate spectrophotometer supplied with Microplate Manager Software Version 5.2.1 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Measurement of bone mineral density (BMD) and bone mineral content (BMC)
The areal bone mineral density and bone mineral content of the mandible were measured using the dual-energy X-ray absorptiometry (DEXA) method and a Norland XR-46 densitometer, equipped with Research Scan software (Norland, Fort Atkinson, WI, USA). The measurements of BMD and BMC were performed for the whole right and left parts of the mandible including teeth, and independently for the right and left mandibular body and ramus. The first region of interest (ROI) included measurements of BMD (mandibular bone mineral density -M BMD ) and BMC (mandibular bone mineral content -M BMC ) for the whole right and left halves of the mandible which were separated at the mandibular symphysis. Analogical measurements of BMD and BMC were performed in the second and the third ROIs for the mandibular ramus (MR BMD and MR BMC ) and the mandibular body (MB BMD and MB BMC ) (TYMCZYNA et al. 2012ab, TATARA et al. 2018 . The mean values of the BMD and BMC measurements for each particular ROI from both halves (right and left) of the mandible were used for further statistical evaluation.
Densitometric and morphometric measurements using quantitative computed tomography
Using the quantitative computed tomography technique and a Somatom Emotion Siemens apparatus (Siemens, Erlangen, Germany), equipped with Somaris/5 VB10B software (version B10/2004A) the volumetric bone mineral density (vBMD) of the cortical bone (Cd), the cortical bone area (CBA), the mean volumetric bone mineral density (MvBMD) and total bone volume (Bvol) of the entire mandible including teeth were determined (Volume Evaluation application package, Siemens, Erlangen, Germany). The measurements of Cd and CBA were performed on a cross-sectional 2-mm thick scan of the mandibular body that was positioned just after the last molar tooth. Mean volumetric bone mineral density and Bvol of the mandible were determined using a volume of interest (VOI) limited by minimum and maximum density of the investigated samples at 0 and 3071 Hounsfield units (HU), respectively. The measurements of MvBMD and Bvol reflect the values obtained for all mineralized anatomical structures of whole mandible including trabecular and cortical bone compartments and teeth (SZABELSKA et al. 2017ab; TATARA et al. 2018) . Except for, MvBMD and Bvol, mean values of the morphometrical and densitometric parameters from both halves of the mandible were used for further statistical evaluation.
Mechanical analysis of the mandible
The mechanical properties of the right and left mandibular halves, such as maximum elastic strength (Wy) and ultimate strength (Wf) were determined using an INSTRON 3367 apparatus supplied with Bluehill 2 software (Instron Corp., Canton, USA). The relationship between the loading force and bone displacement in the three-point bending test was determined. The right and left part of the mandible were placed separately on flat bone supports on the lateral mandibular surface and the measuring head loaded bone samples on Fatty Acids and Bone Properties in Silver Foxes the medial surface at 50% of its length. The measuring head loaded bone samples at a constant speed of 50 mm/min. The distance between bone supports was set at 40% of mandibular length (TYMCZYNA et al. 2012ab; SZABELSKA et al. 2017ab) . Mean values of the Wy and Wf obtained from the right and left halves of the mandible were used for further statistical evaluation.
Statistical analysis
All data are presented as means ±SEM. Statistical analysis of the results was performed using Statistica software (version 6.0) and MS Excel 2003. The comparison of the mean values of the investigated variables between males and females was performed using non-paired Student's t-test for non-dependent variables. P-value <0.05 was considered as statistically significant for all comparisons. Pearson's correlation coefficient (r) was determined between the serum concentration of the evaluated fatty acids and all the investigated parameters of the mandible, bone metabolism markers, and final body weight. P<0.05 was considered as statistically significant for all correlations.
Results
The mean final body weight value in 8-monthold male foxes reached 8.851 ± 0.207 kg and was significantly higher by 20.0% when compared to females (7.378 ± 0.345 kg; p = 0.003). The mean, minimum and maximal values of morphometric, densitometric and mechanical properties of the mandible, as well as serum biochemical bone metabolism markers concentration found in the 8-month-old silver foxes are presented in Table 1 . The percentage content of saturated fatty acids in serum in males and females is presented in Table 2 . Neither the percentage content of particular SFA in serum nor the total sum of SFA were significantly different between the males and females (p>0.05). The percentage content of monounsaturated fatty acids (MUFA) in serum of the silver foxes is presented in Table 3 . The mean value of elaidic acid content in serum in males was signifi- cantly lower by 3.21% when compared to females (p = 0.019). The mean value of oleic acid content in serum in males was significantly higher by 4.87% when compared to its content in females (p = 0.040). The percentage content of PUFA in serum in males and females is presented in Table 4 .
Neither the percentage content of particular PUFA in serum nor the total sum of PUFA were significantly different between males and females (p>0.05). No significant differences were found between male and female foxes when comparing serum content of n-6 and n-3 fatty acids and Values are means ± SEM. t-value -t-value for Student's t-test for non-dependent variables; df -degrees of freedom. *p<0.05.
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n-6:n-3 fatty acids ratios (Table 4 ). The mean values of the content of SFA and PUFA did not differ in serum from male foxes (p = 0.886) and were significantly higher when compared to serum content of MUFA (p<0.001; Tables 2-4). The mean value of the content of SFA was significantly higher in serum from females than the content of PUFA (p = 0.012). Moreover, mean values of the serum content of SFA and PUFA were significantly higher when compared to serum MUFA content in females (p<0.001; Tables 2-4).
The values of Pearson's correlation coefficient between SFA content in serum and all the evaluated parameters of the mandible in the studied silver foxes are shown in Table 5 . Serum content of caprylic acid was negatively correlated with MvBMD, MR BMD and MR BMC (p<0.05). Serum content of capric acid was negatively correlated with final body weight, bone weight and Bvol (p<0.05). A positive correlation between serum concentration of capric acid and CTX-I was found (p = 0.035). Serum content of palmitic acid was negatively correlated with CBA of the mandible. A negative correlation between the serum concentration of heptadecanoic acid and CICP was found (p = 0.009). Serum content of stearic acid in the silver foxes was positively correlated with MR BMC (P = 0.047). The total sum of SFA was negatively correlated with bone weight, CBA and Bvol (p<0.05).
The values of Pearson's correlation coefficient between MUFA content in serum and all the evaluated parameters of the mandible are shown in Table 6. Serum content of cis-10-heptadecenoic acid was negatively correlated with bone weight, CBA and Bvol and positively correlated with MvMBD of the mandible (p<0.05). Serum content of cis-11-eicosenoic acid was positively correlated with MR BMD and negatively correlated with Wy (p<0.05). A positive correlation between the serum content of erucic acid and Cd was stated (p = 0.046). Serum concentration of elaidic acid and CICP was positively correlated (p = 0.019). Serum content of oleic acid was positively correlated with bone weight, bone length, Bvol and MR BMC (p<0.05). The total sum of MUFA in serum was positively correlated with bone weight and M BMC (p<0.05). The values of Pearson's correlation coefficient between PUFA content in serum and all the evaluated parameters of the mandible in are shown in Table 7 . Serum content of linolenic acid was negatively correlated with the Cd of the mandible (p = 0.049). A negative correlation between serum content of arachidonic acid and M BMD and MB BMD was found (p<0.05). Serum content of linoleic acid was positively correlated with M BMD , M BMC , MR BMD , MB BMD and Wy (p<0.05). Serum content of n-3 PUFA was negatively correlated with Cd and MR BMC (p<0.05). Table 6 Pearson correlation coefficient values between serum monounsaturated fatty acid concentration and the investigated parameters of the mandible, final body weight, and serum concentration of bone metabolism markers in 8-month-old silver foxes. 

Discussion
Sex hormones may affect the enzymatic synthesis of FA that may result in sex-related differences in their content in body compartments. Experimental studies on rats indicated that estradiol and testosterone treatments change the enzymatic activity of the enzymes responsible for FA metabolism such as delta-9-desaturase, delta-5-desaturase, and delta-6-desaturase. It was shown that testosterone may decrease docosahexaenoic acid (DHA) content in plasma and liver lipids, while hormonal treatment with estrogens may decrease the availability of n-6 log-chain PUFA (GONZALEZ et al. 1986; MARRA & DE ALANIZ 1989; DECSI & KEN-NEDY 2011) . It was suggested that the actions of sex hormones on a cellular level may be related to the changes of the physicochemical properties of microsomal membranes (DE ALANIZ & MARRA 2003) . Studies on humans have shown that liver enzymatic synthesis of eicosapentaenoic acid (EPA) and DHA from alpha-linolenic acid (ALNA) in men and women may vary leading to their differentiated plasma concentrations (CHILDS et al. 2008) .
In this study, the evaluation of FA content in serum has revealed slight differences between males and females only in the case of selected MUFA. Serum concentration of elaidic acid (C18:1n9t) was lower in males by 3.21%, while oleic acid concentration (C18:1n9c) was higher in males by 4.87%. However, the total sum of MUFA was not differentiated between males and females. Moreover, all the evaluated SFA and PUFA, as well as their total sum have shown a lack of sex-related differences. These observations were performed in relatively young animals that reached sexual and somatic maturity 2-3 months before the natural reproductive season and should be continued at the differentiated stages of the growth and sexual cycles of male and female foxes to explain whether the observed sex-related differences may appear later at the same or at a different scale (OSADCHUK 1999; OSADCHUK et al. 2003; SZYMECZKO et al. 2009 ). Neither the quantitative nor the qualitive changes of FA content in different body compartments in foxes may be excluded at different phases of the growth and sexual cycle, especially when one considers the significantly different hormonal milieu interior in matured male and female foxes Table 7 Pearson correlation coefficient values between serum polyunsaturated fatty acid concentration and the investigated parameters of the mandible, final body weight, and serum concentration of bone metabolism markers in 8-month-old silver foxes. ( OSADCHUK & TRUT 1988 OSADCHUK 1990 OSADCHUK , 1999 OSADCHUK & VOITENKO 1992; OSADCHUK et al. 1996) . Short-term studies by LY-MAN and colleagues (1967) on lipid metabolism in rats confirmed a different rate of phosphatidylcholine synthesis in males and females. Female rats had a higher proportion of stearic and arachidonic acids in phosphatidylcholine fast-moving fractions when compared to males (LYMAN et al. 1967) . Other studies on castrated male rats have shown that estradiol administration over the course of 3 weeks increased proportions of stearic acid and polyenoic acid, increased stearic acid content, and decreased linoleic acid content, whereas testosterone had neither a stimulatory nor inhibitory effect (LYMAN et al. 1968) . As shown by BURDGE et al. (2008) in their studies on rats, sex-related differences of fatty acid concentration were much more highlighted than in the current study. Fatty acid composition analysis of hepatic phosphatidylcholine in male rats have revealed a higher content of palmitic acid (by 46.7%), oleic acid (by 79.6%), linoleic acid (by 61.9%), eicosatrienoic acid (by 75.0%) and eicosapentaenoic acid (by 50.0%) when compared to females, while the content of stearic acid, gamma-linolenic acid, arachidonic acid and docosahexaenoic acid was higher in females by 34.9%, 68.4%, 13.7% and 24.2%, respectively. In case of phosphatidylethanolamine analysis, a higher content of palmitic acid (by 27.51%), linoleic acid (by 33.33%), gamma-linolenic acid (by 71.43%), eicosatrienoic acid (by 40.00%) and eicosapentaenoic acid (by 75.00%) was observed in males. In female rats, the contents of stearic acid and docosahexaenoic acid were higher by 18.00% and 23.75%, respectively than in males. However, fatty acid composition of triacyloglycerides was not differentiated between males and females . Studies in humans between the ages of 18 and 35 have confirmed the stimulatory effects of estrogens on lipid metabolism. It was shown that DHA concentration was significantly higher in plasma phosphatidylcholine (by 31%) and triacylglycerides (by 71%) and non-essential fatty acids (by 33%) in women when compared with men (BAKEWELL et al. 2006) . Regardless of the observed sex-related differences in serum FA concentrations in the current study, numerous significant correlations between the serum FA content in foxes and the morphological, densitometric and mechanical properties of the mandible, and serum bone metabolism markers were found. Capric acid was the only fatty acid that had a negative correlation with final body weight of the silver foxes. Among the assessed SFA, serum concentration of caprylic acid was negatively correlated with densitometric parameters, such as MvBMD, MR BMD, and MR BMC . Negative correlations were also found between serum content of capric acid and morphological bone traits, such as mandibular weight and volume. The observed negative relationships of capric acid content with morphological bone properties were confirmed by their positive correlation with CTX-I in serum that is considered to be a biochemical marker of the bone resorption processes (VASIKARAN et al. 2011; SZULC et al. 2017) . Negative correlations between palmitic acid and CBA, as well as between heptadecanoic acid and the serum bone formation marker concentration -CICP, indicate negative implications between the SFA, bone tissue metabolism processes, and skeletal system properties. These observations are confirmed by the evaluation of the total sum of the SFA, since this parameter was also negatively correlated with bone weight, CBA and, Bvol. Stearic acid was the only saturated fatty acid showing positive correlation with bone mineral content in the mandibular ramus. The observed negative associations of serum SFA with bone traits in the current study are in agreement with the previous studies by CORWIN et al. (2006) on humans with 13,572 men and women in which SFA intake was negatively associated with the BMD in the femoral neck. The negative association between dietary intake of SFA and low BMD values was more visible in men than in women, especially in the group at a mean age of 47.8 ± 19.0 years where statistically significant correlations were found for femoral neck, trochanter and total hip. In the younger group of men below the age of 50, the negative relationships between SFA consumption and femoral neck BMD were observed as a clear linear trend, while in the group over the age of 50, similar tendencies were found (CORWIN et al. 2006) . In studies by WOHL et al. (1998) it was suggested that bone sites within the skeleton with more trabecular than cortical bone are more vulnerable to negative effects of dietary SFA (WOHL et al. 1998) . Diminished intestinal calcium absorption due to calcium-fat soap formation, the atherogenic effects on blood vessels and reduced bone blood flow, and the inhibition of the osteogenic differentiation of bone marrow stromal cells with a corresponding enhancement of osteoclastic differentiation are considered as the most important mechanisms responsible for the deleterious effects of a high dietary intake of SFA on bone tissue (GACS & BARLTROP 1977; WOHL et al. 1998; CORWIN et al. 2006; PARHAMI et al. 2001; OH et al. 2010) .
Our analysis of MUFA has shown both the positive and negative relationships between the evaluated skeletal properties in silver foxes. Heptadecenoic acid was negatively correlated with the morphological traits of the mandible such Fatty Acids and Bone Properties in Silver Foxes as bone weight, bone volume and CBA, but positively correlated with MvBMD. Serum content of eicosenoic acid showed a positive relationship with MR BMD , and a negative correlation with the maximal elastic strength of the mandible. Erucic, elaidic and oleic acids were the only MUFA that showed positive correlations with bone properties and biochemical bone formation markers. Erucic acid content was positively correlated with Cd, while elaidic acid showed a positive correlation with serum concentration of CICP. In the case of oleic acid, its concentration in serum has shown the highest number of positive correlations with bone parameters, both morphological (bone weight, bone length and Bvol) and densitometric (M BMC ). The total sum of MUFA in serum was also positively correlated with bone weight and M BMC . Relationships between selected SFA and MUFA, and the stiffness index (SI) were investigated in Inuit women between the ages of 35 and 72 from Nunavik in Canada. It was shown that total SFA and behenic acid, as well as cis-vaccenic acid were negatively associated among MUFA with bone SI, whereas total cis-MUFA and oleic acid were positively associated with SI (PAUNESCU et al. 2014) . In another study, this time on 22-year-old men, serum concentration of MUFA was negatively correlated with whole body BMD. Contrary to the results of the densitometric measurements obtained in current study, previous investigations on men have shown negative correlation between whole body BMD and serum content of oleic acid (HÖGSTRÖM et al. 2007) . In experimental studies on the effects of MUFA on bone tissue metabolism, it was shown that palmitic acid enhances the receptor activator of NF-êB ligand (RANKL)-stimulated osteoclastogenesis and induces osteoclast differentiation, while oleic acid inhibits palmitic acidinduced osteoclastogenesis (DROSATOS-TAMPAKAKI et al. 2014) .
Among PUFA, linolenic and arachidonic acids were negatively correlated with selected densitometric parameters of the mandible. Linolenic acid content was negatively correlated with Cd, while arachidonic acid had negative relationships with M BMD and MB BMD . Serum concentration of linoleic acid had the highest number of positive correlations with densitometric and mechanical properties of the mandible. Positive correlations of linoleic acid were found with BMD within all regions of the mandible, as well as with M BMC and maximum elastic strength. It must be underlined here, that linoleic acid serves as the most common source for n-6 PUFA synthesis. Linoleic acid is present in high concentrations in vegetable oils, while EPA and DHA (n-3 PUFA) originate mainly from fish fat (VANEK & CONNOR 2007) . Nutritional studies on the effects of PUFA on bone metabolism regulation and skeletal properties in humans have shown both the positive and negative associations. Higher total PUFA intake during menopausal transition has been related to a greater loss of bone mineral density (BMD) within the skeleton (MACDONALD et al. 2006) . In a study on 167 elderly patients suffering from fragility fractures, PUFA intake was associated with an increased risk of osteoporotic fractures, whereas a high ratio of MUFA:PUFA was associated with decreased risk (MARTÍNEZ-RAMÍREZ et al. 2007 ). Conversely, a positive relationship between PUFA intake and skeletal fracture risk was shown in the study by ORCHARD and colleagues (2010) on 137,486 postmenopausal women. It was shown that SFA intake increases hip fracture risk, whereas MUFA and PUFA intakes may decrease total fracture risk. In postmenopausal women with a low intake of n-3 PUFA, a higher intake of n-6 PUFA was shown to modestly decrease total fracture risk in the skeleton. A higher intake of EPA and DHA (long-chain n-3 PUFA) was also associated with increased skeletal fracture risk (ORCHARD et al. 2010) . Similarly to the results obtained in the current study on foxes, the clinical studies on humans have found no association with fracture risk for either total n-3 intake or EPA+DHA intake (MARTÍNEZ-RAMÍREZ et al. 2007; VIRTANEN et al. 2010; FARINA et al. 2011) . Positive correlations of serum linoleic acid with densitometric and mechanical properties of the mandible in silver foxes correspond with the results obtained in cohort studies on 46,476 men and 75,878 women, where low linoleic acid intake was implicated with increased hip fracture risk in women. Similar outcomes were found analyzing total PUFA and n-6 PUFA in the previous study (VIRTANEN et al. 2012) . In an experimental study on postmenopausal women at a mean age of 67.9 ± 1.9, dietary intakes of total PUFA, linoleic and linolenic acids, and total n-3 and n-6 fatty acids were positively associated with BMD of the lumbar spine (JÄRVINEN et al. 2012) .
Regardless of the chemical form of FA (SFA, MUFA or PUFA) it must be underlined that, in this study, fatty acids possessing 18-carbon chains showed mainly positive correlations with the morphological, densitometric and mechanical properties of the skeletal system in foxes. This observation results from the analysis of stearic acid, elaidic acid, oleic acid and linoleic acid; however, neither positive nor negative relationships between serum content of gamma-linolenic acid and bone tissue properties were found. Linolenic acid (C18:3n3) was the only one among the 18-carbon chain fatty acids that had a negative relationship with the vBMD of the cortical bone compartment. Moreover, n-3 fatty acids were negatively correlated with MR BMC and the Cd of the mandible. Similarly to most of the 18-carbonchain FA, erucic acid possessing a 22-carbon chain (C22:1n9), also showed a positive correlation with the Cd of the mandible. All other analyzed fatty acids within each chemical group showed no significant correlations or showed a negative relationship with the evaluated bone properties and bone tissue metabolism indices.
Conclusions
This study presents the sex-related differences of serum SFA, MUFA and PUFA in 8-month-old, farmed silver foxes. In males, elaidic acid concentration was lower by 3.21%, while oleic acid concentration was higher by 4.87%, when compared to females. The total sum of SFA, MUFA and PUFA showed a lack of sex-related differences at this growth stage of silver foxes. Except for stearic acid within the group of SFA, serum concentrations of caprylic acid, capric acid, palmitic acid, heptadecanoic acid and the total sum of SFA showed only negative relationships with the biochemical markers of bone formation processes and the morphological and densitometric properties of the mandible. Monounsaturated fatty acids (heptadecenoic acid and eicosenoic acid) were both positively and negatively correlated with the evaluated skeletal system properties. Serum concentrations of erucic, elaidic and oleic acids showed only positive associations with bone properties and bone formation markers. Among PUFA, linolenic and arachidonic acids were negatively correlated with densitometric parameters, while linoleic acid showed the highest number of positive correlations with the densitometric and mechanical properties of the mandible. Except for gamma-linolenic acid and linolenic acid, fatty acids with 18-carbon chains have shown mainly positive correlations with the morphological, densitometric and mechanical properties of the skeletal system of foxes. Moreover, n-3 fatty acids were negatively correlated with MR BMC and the Cd of the mandible.
As shown in this study, the most positive implications for bone metabolism regulation and skeletal system properties in silver foxes may be ascribed to oleic and linoleic acids. The elaborated experimental model may serve for further studies on bone metabolism regulation in monogastric mammals with the use dietary modifications of fatty acids content.
